Type I (insulin-dependent) diabetes mellitus has been mapped to the major histocompatibility complex. Certain gene alleles in this region determine susceptibility and resistance to the disease. Mapping of susceptibility is hindered by the limitations of conventional tissue typing techniques, and by strong linkage disequilibrium within this part of the genome. Recombinant DNA technology and trans-racial studies have been used to allow finer mapping of genetic predisposition to Type 1 diabetes. These techniques have localised alleles encoding susceptibility and resistance to the DQ region. Other alleles determining disease susceptibility remain poorly localised.
Major histocompafibility complex (MHC)
The MHC consists of several genes. They have been broadly classified into the HLA class I, II and III loci (Fig. 1 ). Other genes within this region include the loci which encode C-21 hydroxylase [3] , tumour necrosis factors [4] , heat shock protein [5] , and genes of unknown function [6] . More genes may exist in the unmapped portions of the MHC.
The MHC class I genes are subdivided into the A, B and C loci. They encode m-chains which combine with [32- microglobulin to form glycoproteins found on the surfaces of nearly all cell types. These restrict cytotoxic T-cell activity.
The class II genes encode glycoproteins which occur on the surfaces of particular cell types, including macrophages, B-lymphocytes and activated T-lymphocytes. Class II molecules consist of an c~-and a t-chain which are encoded by separate A and B genes. Each chain consists of cytoplasmic, trans-membrane and extracellular portions (Fig.2) . The extracellular portion is made up of first and second domains. The first domain interacts directly with the T-cell receptor, and is, therefore, critical to the function of the molecule. Class II molecules are subdivided into the DR, DQ and DP series, each encoded by distinct pairs of genes. Their functions include presentation of foreign antigen to the T-helper cell [7] .
The class III genes encode the complement components C2, C4 and factor B. Their genetics and polymorphisms have been reviewed [8, 9] .
Many of the MHC genes exhibit considerable polymorphism, which is assumed to have arisen in response to the array of environmental pathogens. Polymorphism of the class I and II genes causes variation in the class I and II molecules possessed by different individuals. The associations of certain MHC gene polymorphisms (alleles) with Type 1 diabetes suggest that genes within this region determine disease susceptibility. The definition of MHC polymorphism is dependent on the technique used. The methods used are briefly described below. 
Detection of MHC polymorphism
method, primed lymphocyte typing, has distinguished polymorphism at the DP loci [13] . Although the above techniques have generated much data, they are limited by the antisera and T-cell clones available. For example, individuals homozygous for a particular allele cannot be distinguished from those heterozygous for that allele and a 'blank' allele. (A 'blank' allele produces a specificity unrecognised by any available typing reagent). This hinders investigation of inheritance of disease susceptibility [14] . These methods, moreover, do not show whether the detected polymorphism occurs in the c~-or the [3-chain of the D Q molecule. Finally, subtypes of class II molecules which possess a common epitope may be recognised as one specificity only by available antisera. 
Recombinant DNA technology

Serological and cellular typing
Serological typing was the first method to detect MHC polymorphism. Antibodies which recognise epitopes characteristic of particular MHC-encoded molecules have defined the class I gene polymorphisms A1-Aw74, Bw4-Bw77 and C w l -C w l l [10] . Polymorphism also occurs at the class II loci. The DRB1 and DRB3/DRB4 genes ( Fig. 1) encode distinct ]3-chains. These combine with an s-chain encoded by the non-polymorphic D R A gene to produce distinct D R molecules. DRB1 polymorphisms produce the serological specificities DR1-DRw18, while DRB3 polymorphisms are distinguished by the DRw52a-c specificities [10] . Some haplotypes carry a DRB4 gene instead of the DRB3 gene. This encodes a [3-chain producing the DRw53 specificity [11] . D Q and DP polymorphisms have also been distinguished serologically [121.
Cellular typing [13] , using the mixed lymphocyte reaction, also defines class II polymorphism. This technique is considered a 'functional' analysis since it depends on Tcell activation to distinguish the specificities Dwl-26. It is not always clear, however, whether the polymorphism detected is determined by variation at the D R and/or D Q loci, or even at an unmapped 'Dw' locus. Another cellular Polymerase to extend the priming sequence, using the genomic DNA as a template. This doubles the number of 3' copies of the gene. The cycle of denaturation, annealing and extension is repeated several times, n cycles copies a 5' single gene 2 n times RFLP analysis uses restriction enzmyes which cut genomic DNA (extracted from peripheral blood lymphocytes) at specific nucleotide sequences. Gene polymorphisms involving such sequences alter the sizes of the resulting D N A fragments. These fragments are separated by electrophoresis on an agarose gel. The D N A is rendered single-stranded and blotted onto nylon filters by the method of Southern [15] . Radiolabelled D N A containing a sequence of interest (a gene probe) is added to the filter. This hybridises to complementary DNA fragments which are visualised by autoradiography. Polymorphisms of class II genes are recognised as characteristic patterns (RFLPs) of DNA fragments (Fig. 3) .
All alleles produce an RFLR and therefore no polymorphism will be missed as a 'blank'. RFLP analysis does, however, have certain limitations. Much polymorphism occurs in non-coding D N A surrounding the gene (flanking sequences) and within it (introns). Such polymorphism is not always associated with variation in coding sequences. Polymorphism in sequences encoding the functionally important first domains of the class II c~-and [3-chains may, moreover, be missed with the commonly used restriction enzymes.
The most accurate method of defining gene polymorphism is DNA sequencing of the different alleles. This lengthy procedure is impractical for population studies. In large studies, short DNA sequences within the first domain-coding regions of known class II A and B alleles which are unique to each allele have been identified. Hybridisation of genomic DNA to a short (oligonucleotide) radiolabelled DNA probe which contains the unique sequence demonstrates the presence or absence of that allele. The sensitivity and specificity of this method are increased by producing several million copies of the investigated gene, using the polymerase chain reaction (PCR, Fig.4 ). DNA amplified by this method [16] is dotted onto a nylon filter and hybridised with a radiolabelled allelespecific oligonucleotide (ASO) which detects the allele of interest. The filter is washed to remove non-specifically bound probe. Autoradiography shows DNA containing the allele of interest as a dot (Fig. 5 ).
These techniques have defined the DQA1 alleles A1-A4 [17] , the DQB1 alleles wl-w9 [10, 18] , subdivisions of some serologically defined DR alleles [18] , and a range of DP alleles [19] .
Linkage disequilibrium in disease association studies
Certain combinations of alleles at different MHC loci are inherited at frequencies greater than would be expected by chance. This phenomenon is termed linkage disequilibrium. An MHC allele may, therefore, be secondarily associated with Type i diabetes because of linkage disequilibrium with an allele at another locus which encodes a disease susceptibility determinant. A1-lelic associations with Type i diabetes do not, therefore, imply a direct effect of that allele on disease predisposition.
Serological typing in Caucasian subjects demonstrated the positive association between the MHC class I antigen B15 and Type i diabetes [20] . Subsequent reports showed an additional positive association with BS, and a negative association with B7 [21, 22] .
Cellular typing showed positive associations between Dw3 and Dw4 and Type i diabetes [23] . Serological DRtyping has demonstrated positive associations with DR3 and DR4, and a negative association between the disease and DR2 [24, 25] .
MHC class II associations with Type i diabetes are consistently stronger than the class I associations. Class I associations are secondary to the class I1 associations [26] , because of linkage disequilibrium between the class I and class II loci. In Caucasians, DR3 is in linkage disequilibrium with B8, DR4 with B15, and DR2 with B7 [12] . Class I alleles are therefore unlikely to determine diabetes susceptibility directly, and their associations with disease will not be considered further.
Although the positive associations between Type 1 diabetes and DR3 and DR4 are strong (one or both are found in more than 95% of Caucasian Type i diabetic subjects), these antigens also occur in up to 60% of the healthy Caucasian population [25] . Regardless of their penetrance, DR3 and DR4 are too frequent in healthy subjects to explain the observed prevalence of the disease, assuming that these antigens predispose directly to diabetes [27] . It appears therefore that the DR associations with Type 1 diabetes are also secondary to linkage disequilibrium between the DRB1 locus and diabetes susceptibility gene(s).
The strong DR associations with Type i diabetes suggest that diabetes susceptibility loci lie near the DRB1 gene, probably within the class II region. Polymorphism occurs at both the DP and DQ loci. In the single study of Caucasian Type i diabetic subjects using primed lymphocyte typing, no DP allele was significantly associated with the disease [28] . Interest has therefore focussed on the DQ loci.
The DQ loci consist of the DQA1, DQA2, DQB1 and DQB2 genes (Fig. 1) . The DQA2 and DQB2 genes may be non-functional [29] . Linkage disequilibrium between the DRB1, DQA1 and DQB1 loci is extremely strong [30] , suggesting that recombination between DR and DQ is rare. Linkage analysis of class II-associated diabetes susceptibility is, therefore, impractical since the chance of observing a recombination event between DR and DQ in a multiplex diabetic family is very small. Affected siblingpair studies have been important, however, in confirming linkage of diabetes susceptibility with the MHC [24] .
Trans-raciai studies D. Jenkins et al.: Susceptibility loci for Type i diabetes spurious associations due to ethnic stratification. Studies of small populations may obscure true associations [36] .
DR associations with Type 1 diabetes in different races
The majority of disease association studies have used serological and cellular methods. These are reviewed briefly.
White Caucasians
Studies in Caucasians have confirmed the positive associations between DR3 and DR4 and Type I diabetes, and the negative association with DR2. Rank order analysis has shown that in the absence of DR3 and DR4, most DR antigens have an effect on diabetes susceptibility [37] . This may be due to differences in linkage disequilibrium between a small number of diabetes susceptibility alleles and the various DRB1 alleles, or to each DRB1 allele being linked to a distinct allele at a single disease susceptibility locus, each with a unique effect on disease predisposition. Alternatively, different DR types may be linked with alleles at various susceptibility loci.
In this race DR3 and DR4 have a synergistic effect on disease predisposition. For example, Wolf et al. observed 62 DR3/4 heterozygotes out of 122 Type 1 diabetic subjects, significantly more than the 39 expected from the gene frequencies of DR3 and DR4 (P <0.001). The relative risk of Type I diabetes amongst DR3/4 heterozygotes was 14.3 compared with 5 for DR3 alone and 6.8 for DR4 alone [25] . The frequencies of DR3 and DR4 amongst diabetic subjects can be explained by a DR3-linked gene acting recessively in the absence of DR4, and a DR4-1inked gene acting dominantly in the absence of DR3 [14] . DR3-and DR4-related disease-susceptibility factors, therefore, are distinct.
An alternative method of mapping disease susceptibility has come from the study of disease associations in different races. Although linkage disequilibrium is strong within the class II region, recombination events during evolution have generated combinations of MHC alleles (extended haplotypes) which vary in frequency between populations [12, 31] . This has caused disease-predisposing alleles within the MHC to be in linkage disequilibrium with different marker alleles in different races. Any allele which is consistently associated with a disease in all races, irrespective of the extended haplotype on which it occurs, is likely to determine disease susceptibility [32] [33] [34] . Such studies assume that the disease in question has the same genetic basis in all races. Trans-racial studies therefore require rigorous application of diagnostic criteria for disease, and careful matching of disease and control populations for ethnic origin. The observed frequencies of diseased individuals are used to construct 2 x 2 tables. From these the odds ratio (an estimate of the relative risk of developing the disease conferred by an allele) can be deduced. The statistical significance of this risk can also be calculated [35] . Inadequate racial matching may produce
Negroid subjects
Studies in negroid populations have demonstrated a positive association between Type 1 diabetes and DR4 in this race [33, [38] [39] [40] . DR3 is significantly associated with the disease in some studies [38, 39] , but not in others [33, [40] [41] [42] . Combined analysis has shown an overall significant positive association with DR3 [33] . Combined analysis also demonstrated a significant positive association between both DR7 and DR9 and Type 1 diabetes [33] . The association with DR7 appears specific to the negroid race. DR2 is significantly negatively associated with the disease in this race.
Asian Indians
Interpretation of disease association studies in Asian Indians is complicated by their ethnic heterogeneity. Nevertheless, the consensus of reported studies indicates that Type i diabetes is positively associated with both DR3 and DR4 [43] [44] [45] . The association with DR3 appeared stronger in this race. DR2 was not significantly associated with the disease.
Chinese
Published studies have shown a consistent positive association between DR3 and Type 1 diabetes [46] [47] [48] [49] [50] . In contrast with other races, a significant positive association between DR4 and disease was not found. DR9 was significantly positively associated with Type I diabetes in one study [47] . Synergism between DR3 and DR9 and disease susceptibility was found in Hong Kong Chinese [49] . The negative association between DR2 and disease was not significant in any study.
Japanese
Type 1 diabetes was positively associated with DR4 and negatively associated with DR2 [51] [52] [53] [54] . DR9 was also significantly positively associated with disease in some studies [53, 54] . The rarity of DR3 in this race is noteworthy [54] . The absence of a DR3-associated diseasepredisposing allele on DR3 haplotypes from this race may partly explain the low incidence of Type 1 diabetes in the Japanese population.
These data are summarised in Table 1 . They indicate that the disease-predisposing effects of the DRB1 alleles (with the exception of DR3) are not consistent in all races. This implies that alleles of the DRB1 gene do not determine disease susceptibility, but that they are in linkage disequilibrium with other susceptibility alleles. Alternatively, heterogeneity within the DR specificities may obscure disease associations with certain DR subtypes. Genetic markers which are consistently associated with Type 1 diabetes in all races have, therefore, been sought.
Data from a Japanese population, however, contradict this hypothesis. Serological DQ-typing has shown that DR4 haplotypes are associated with one of three DQB1 alleles in this race: DQw7, DQw8 and DQw4. In Japanese Type i diabetic subjects, DQw4 is significantly associated with disease, while DQw8 is not [54] . This has been confirmed by ASO dot blot analysis [58] .
DQw8 is not associated with Type 1 diabetes in all races and is, therefore, unlikely to be a primary disease susceptibility determinant. This is supported by other data. Cellular typing and DNA sequence analysis divide DR4 into at least five subtypes: Dw4, Dwl0, Dwl3, Dw14 and Dwl5. In Caucasians, only the Dw4 and Dwl0 subtypes in combination with DQw8 were significantly associated with Type 1 diabetes [59] . Analysis of other data [60] confirms this. A combination of Dw4/Dwl0 and DQw8 may, therefore, determine disease susceptibility, or an allele at another locus on the DR4(Dw4/Dwl0)-DQw8 haplotypes may encode predisposition to diabetes.
The identity of such a gene has been suggested by trans-racial gene mapping. Although DR7 is not associated with Type i diabetes in Caucasians [37] , it is positively associated with the disease in negroid populations [33] . A DQB RFLP identified a subset of DR7-positive negroid haplotypes which was strongly associated with disease [33] . The first domain-coding portions of the DRB1, DQA1 and DQB1 genes of this DR7 haplotype were sequenced. The sequences were compared with those of the Caucasian DR7 haplotype [34] . The DRB1 and DQB1 alleles of the two haplotypes were identical, but the DQA1 alleles were different (Table 2) . While the Caucasian DR7 haplotype possessed the A2 allele [17] , the negroid DR7 haplotype possessed the A3 allele characteristic of Caucasian DR4 haplotypes [17] . The A3 allele was significantly positively associated with Type 1 diabetes in a negroid population [34] , and in a Japanese population [58] . This association also occurred in Caucasians [60] . Unpublished data from our unit showed a significant association between A3 and the disease in North
The search for specific markers of disease susceptibility
DR4-associated disease predisposition
The search for DQ alleles associated with Type 1 diabetes was initiated by the discovery of a DRB-related RFLP which distinguished two subsets of Caucasian DR4 haplotypes [55] . One was significantly positively associated with Type 1 diabetes. The RFLP corresponded to a subset of the serological specificity DQw3 [56] . Caucasian DR4 haplotypes possess a DQB1 allele encoding either the DQw3.1 (now termed DQw7) specificity or the DQw3.2 specificity (now termed DQw8). Some 90% of Caucasian DR4-positive Type 1 diabetic patients possess the DQw8 allele, compared with some 50% of racially-matched DR4-positive control subjects [57] . This suggested that DR4-associated susceptibility to diabetes is determined by the DQw8 allele. In support of this, a DQB RFLP corresponding to DQw8 marked a subset of DR4-positive North Indian Asians at increased risk of the disease [45] . N represents a neutral association. N/+ and N/-indicate nonsignificant trends towards positive or negative associations, r indicates that an allele is too rare to assess its association with the disease. ? indicates that data are insufficient to assess the assodation between the allele and Type 1 diabetes in that group. Associations are quoted from studies cited in the text Indian subjects. This consistent association (Table 1) indicates that A3 might be primarily associated with Type 1 diabetes. If so, another locus on the DR4 haplotype must also affect disease susceptibility since A3 does not distinguish between DR4-positive diabetic subjects and DR4-positive healthy control subjects [60] . Although DR4 is common in the Chinese race, it is not significantly associated with diabetes. If the A3 allele is significantly associated with disease in this race, its effect would be independent of DR4, supporting A3 as a primary determinant of disease susceptibility. This hypothesis should, therefore, be tested by investigating MHC class II associations with diabetes in the Chinese race.
Disease markers which protect against Type 1 diabetes
A negative association between DR2 and diabetes has been found in most races. DR2 does not directly protect against Type i diabetes, however, since this association is weak in Asian Indian and Chinese populations. It is likely that the DRB1 allele encoding DR2 is in linkage disequilibrium with a protective allele. A DQB RFLP associated with subgroups of DR2, DR5 and DRw6 in Caucasians, negroid individuals and Asian Indians [33, 45] was negatively associated with Type i diabetes. This RFLP characterises the DQB1 alleles DQw6 (previously termed DQwl.2) on DR2 haplotypes [61] , and DQw1.18 on DRw6 haplotypes [30] . The first domain-coding sequences of these alleles are almost identical, differing at only one codon [18] . The DQw6 allele is also negatively associated with Type i diabetes in the Japanese race (Table 2 , [54] ). DQw1.18 and DQw6, therefore, may directly protect against Type i diabetes. Detection of a significant negative association between the disease and DQw6/DQw1.18 in the Chinese race would support the hypothesis that an MHC 'protective' gene exists within the DQ sub-region.
DR3-associated susceptibility to Type 1 diabetes
Variation in DR3 haplotypes was associated with differences in susceptibility to Type 1 diabetes [62] , suggesting that the DRB1 allele does not predispose to disease directly. DR3 is associated with the DQB1 allele DQw2 in most races, but in negroid populations DR3 is associated with either DQw2 or DQw4 [63] . The DR3-DQw4 haplotype is not associated with diabetes, suggesting that DQw2 D. Jenkins et al.: Susceptibility loci for Type i diabetes may predispose to disease directly, while DQw4 is protective [63] . DQw2 and DQw4, however, are associated with different subtypes of the DRB1 allele [64] . The two DR3 haplotypes also possess slightly different DQA1 alleles. It is conceivable that any of these (or other) haplotypic differences could account for their differing susceptibilities to diabetes.
The DQw2 allele also occurs on the diabetes-predisposing negroid DR9 haplotype [34] , while the non-predisposing Caucasian DR9 haplotype possesses the DQw9 allele (Table 2) . While the DQw2 allele may account for the difference in disease susceptibility between these DR9 haplotypes, DR9 in the Japanese is associated with the same DR/DQ alleles as DR9 in Caucasians [58] . If allocation of these class II sequences to the Japanese DR9 haplotype is confirmed, one may deduce that DQw2 does not determine DR9-associated susceptibility to Type 1 diabetes. No convincing data exist, therefore, to implicate DQw2 as the allele on the DR3 haplotype most likely to determine disease susceptibility, in spite of its consistent association with diabetes (Table 1) .
Position 57 of the DQ~ chain in disease susceptibility
The above findings indicate that alleles at the DQA1 and DQB1 loci are better markers than the DRB1 alleles for some MHC associations with Type 1 diabetes. This has stimulated the search for structural features of the DQ molecule which might directly affect predisposition to disease. Todd et al. [18] have sequenced the DRB, DQA1 and DQB1 alleles of several Caucasian haplotypes. Haplotypic predisposition to diabetes correlated with the codon for the amino acid at position 57 on the DQ[~ chain. Aspartate at this position (Asp 57) correlated negatively with Type 1 diabetes, while non-Asp 57-encoding alleles were positively associated with disease. (The Caucasian DR7 haplotype did not fit this correlation, but alteration of disease susceptibility by the DR7-associated DQA1 allele provided a possible explanation). It was proposed that the amino acid at position 57 might be critical in determining disease susceptibility. Support for this hypothesis has come from a family study which examined linkage of nonAsp 57 DQB alleles with inheritance of diabetes [65] .
The above hypothesis is attractive and has generated much interest. It fails, however, to explain the synergistic effect of DR3 and DR4 on diabetes susceptibility seen in Caucasian populations. This indicates that the DR3-and DR4-associated susceptibility factors are distinct. It is therefore unlikely that the same amino acid encoded by the DQB1 genes on the DR3 and DR4 haplotypes could explain both DR3-and DR4-associated disease susceptibility.
A second objection is that different MHC haplotypes show a gradation of disease susceptibility [37] . Susceptibility to disease is, therefore, not an all-or-none phenomenon due to the presence or absence of Asp 57 on the DQ~3 chain. As stated previously [18] , modification by the DQa-chain may explain some of the inconsistencies, but other objections remain.
In non-Caucasoid races the correlation between Asp 57 and Type i diabetes is less convincing. Non-Asp 57 homozygosity was non-significantly associated with diabetes in the Chinese race [66] . The disease is positively associated with the Asp 57-positive DQ[3-chains DQw4 and DQw9 in the Japanese race, however, while the nonAsp 57 DQw8 is not associated with diabetes [54, 58] . These data imply that if the amino acid at position 57 is involved in disease susceptibility, one or more other MHCassociated factors must be equally, if not more important.
Other possible determinants of disease susceptibility DQA1 and DQB1 alleles do not, therefore, explain all the observed MHC class II associations with Type 1 diabetes. A DQA2 RFLP was associated with diabetes in DR3-positive subjects [67] , but the association was not found in the Chinese race [50] . This indicates that the association in Caucasians was due to linkage disequilibrium between the DQA2 polymorphism and a disease-susceptibility allele at a different locus.
Tumour necrosis factor-o~ (TNF-a) potentiates the toxic effect of interleukin-1 on the pancreatic Beta-cell in vitro [68] . Since the TNF-~x gene exists within the MHC (Fig. 1) , gene polymorphism might alter TNF-c~ secretion or action, and hence affect susceptibility to diabetes. RFLP analysis found only two polymorphisms of the TNF-c~ gene [69] . In Caucasian subjects heterozygosity for this polymorphism was significantly associated with Type 1 diabetes [69] . This could be explained by the association of one polymorphism with the Caucasian DR4 haplotype, and of the others with the BS-DR3 haplotype. TNF-c~ heterozygosity may, therefore, have reflected DR3/4 heterozygosity rather than a direct effect on disease susceptibility. These observations, therefore, require repetition in large populations from different ethnic groups, prior to further speculation concerning TNF-cz polymorphism in susceptibility to diabetes.
The discovery of other genes within the MHC suggests further candidate susceptibility loci. If such genes are both functional and transcribed, further disease association studies in a variety of ethnic groups may be used to assess their contribution to disease susceptibility.
Conclusions
The genetic basis for susceptibility to Type 1 diabetes is unclear, although the DQ loci are strongly implicated. Models of disease where one gene allele is associated with susceptibility, while another is not are probably too simple. The DQ gene products form a single molecule. DQ function is likely to be determined by its overall structure. If DQ polymorphism is important in disease predisposition, specific combinations of DQA1 and DQB1 allele products will result in molecular structures that alter the process of islet Beta-cell destruction. Observations in man [70] and a murine model of Type 1 diabetes [71] have indicated that the disease is caused by a T-cell dependent process. Certain DQ structures may, therefore, present 393 antigens critical to Beta-cell destruction to either exacerbate or damp down that process. Alternatively, since class II molecules restrict T-cell repertoire [72] , DQ polymorphisms may delete clones of T-cells so that Betacell antigens are not recognised, thus protecting against diabetes. The paucity of knowledge concerning the pathogenesis of this disease makes such suggestions speculative. It should be noted, however, that when allelic associations with disease are found, their possible function in diabetes pathogenesis must be considered. Increased understanding of the pathogenesis of autoimmunity will facilitate this.
The available data implicate a DQA1 allele in DR4-associated predisposition to Type 1 diabetes, while two very similar DQB1 alleles may confer protection. At least one other MHC gene appears responsible for DR3-associated disease susceptibility. The involvement of non-MHC genes and environmental factors indicates that Type 1 diabetes is a disease of considerable complexity. Although MHC alleles at several loci on an extended haplotype may contribute to disease predisposition [73] , such an hypothesis requires the construction of complex models of disease. Such models cannot be rejected with the available data. Further progress will come from testing simple models involving one or two genes in large, well-characterised populations with tightly matched control groups. Transracial comparisons are a powerful test of any disease associations which may be found. Consistent associations can be incorporated into more complex models of disease. Formal identification of alleles as susceptibility determinants will require identification of the gene products as determinants of insulitis. Progress in the genetics of Type 1 diabetes will, therefore, increase understanding of its pathogenesis.
